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THE USE OF THIN LAYER CHROMATOGRAPHY FOR
THE DETERMINATION OF ANTIOXIDANTS IN
VULCANIZED RUBBER

G. M. Solodova, A. I. Malyshev, and
Ye. Ye. Rostovtseva

"Antloxidants are added to unvulcanized and vulcanized rubber
in order'to protect them from the effect of the ~x:vmen of the alr
and from ozone [1]. The most varied combinatiocns of antloxidants
are used in mixtures of one in another. Methods of determinings th-

individual antioxidants and their mixtures are known "22. P

In this article a method for the guantitative deterzlnatlion
~f neozone "A" (phenleB;naphthylamineT} 4 :9NA (ll-phenyl='l-i:opropyl-
pnphenylenediamine)iand p~hydroxyneozone {; -:./droxyc -n:l=-
B-napnthylamine) and their combined presence in crude v:l:oanlzed
rubber mixturesz and vulcanizates, 15 described. Chen'enl and
spectrophotometrical methods for determining thece subitance. in a
mixture without their preliminary separaticn Iic un;u!'tho. Tn an
analysis of a oure mixture of the antioxidants (neozcne N, #010%A
and p-hydroxyneozone) their suantitative determination usin;: 2
spectroohotometric method ic possible by means of :olvin- o catem
of equations. However, the oresence of :ofteners and :ievelognt (e
in the vulcanized rubber which have the :ame maxima of ab.orntion
a3 the lluted antloxidants [3] complicates the analyisic., In
connection with this a preliminary separation of the antioxidanti.
wa: made by the method of chromatograv': u.iner a thin laver o
silica el. The success of thi: methodt '.o wet! known [A-51.
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Following the separation of the antioxidants In the thln layer
their identification and quantitative determination wac made photo-
colorimetrically (®3H-M) and spectrophotometrically (C®-4), by
using calibrated curves plotted based on pure antioxidants. 1n
order to check the method, mixtures of pure antioxidants a3 well as
vulcanized rubber mixtures and vulcanizates were used. The maximum
error of the method for a mixture of pure antioxldants amounted to

10%.

Preparation of the plates with the thin layer of adsorbent.
Seven g of KHCH make silica gel, ground and screened through a
No. 014 sieve, are mixed with 17 mZ of water and the entire
thoroughly mixed mass is applied as an even lz2rer on a glass nlate,
18 x 14 em in size.

The plate was dried for 2 hours in alr in a cteep norizontal
position, and then dried at 105°C in a thermostat for 30 min.

Preparation of the samples of the analyzed vulcanized rubber
mixture and vulcanizate. About 1 g of a thinly slfced vulecanized
rubber mixture or vulcanizate is placed in an extraction fla:k,

30 ml of acetone added and extracted for 30 min in a boiling water
bath, and the extract poured into another flack. The we!rhed
sample of extract was then treated u!th: fresh certlions of acetone
and extracted twice, using 30 ml of acetone each time. The exces.
of acetone was boiled down to 2% nl.

The obtalned solution was analvzed chromatorraphicaiiv.

Chromatographic analysis of the extract. From a :tortin-
voint loecate ' 1-2 cm from th: edme of the nlate, C.! ml .iron. of

the analvzed solution and the “"check™ :=.:lutlons of c<andar-iined
mat.rials were noplled to the plate 2 cen from one -:niother u " o
microoipette. The nlate was olaced Iin 2 clhromatorrari®eal oo e,
FID=HT=23-10652=72 2
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Mixtures of ‘the solvents: benzene, acetone and concentrated
ammonia at ratios (100:5:0.1) were used as the moving phase for
the separation of the neozone A, 4010NA and p~hydroxyneozone.

Following the front advancement of the solvent at a height
of 12-15 em the nlate 1s removed from the chamber and dried sliichtly
in air. Tncn, the plate is put under an ultraviole; light, and the
location of the spots for the analysis 1s determined, by comparing
them with the location of the "check"™ spots; using the point of a
needle or scalpel the identified zone is marked off by the glow of
the spots of antioxidants. The values of the antioxidants are
vresented in Table 1.

Table 1. Values of Rr and the ccloration of
the antioxidant in ultraviolet light.

Antioxidant B, “aleration
ienzone f{ 0,84 Brignt vicl s
- U10KA 0,71 Broun
veliydroxyneozcns 0,42 Pals 14lan
0,55 (In

The spots encircled with the scalyrel were collected I: :.
funnel with a No. 4 glass filter using vazcuum (£ .-ure).

Device for pettiiy the

tarcet zone wlth 2
chromatograph. 1 - Ho. 4

glaczs Tllter with a porous
bottom (llo. 18 cealed

ground Joint); 2 - M=shaped

tube (lio. 29 .seale:i rround '

Y
Jolnt); 3 = text tube with
an outl+~:t {lo. & seuled
groung !Hint).
FI'D=HT=23-iNE =T/ 3
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The antioxidants were washed from the fllter and the slllca
el using hot ethyl alcohol, into a test tube with an outlet
connected to a jet pump. Each antioxidant was collected In a 25 ml
graduated flask for the subsequent colorimetric analysis on a ®3H-M.
Neozone A and p-hydroxyneozone were determined according to thelr
reaction wit: diazotized para-nitroaniline (raspberry staln) [6],
4O1ONA -~ with an oxidizing mixture [7], which i3 made in the
following way:

0.5 g of the oxide of copper ac~tate, 4.66 g5 of calclum
chloride, 10 ml of 0.5 N hydrochloric actd solution and 250 ml
of water were mixed in a 1 4 graduated flask, and ethyl alcohol
slowly added to the one liter mark.

In analyzing the artificial mixture: by this method, the
relative error did not exceed 10%.

The anz2lytical results of several commerclal oroducts are
given in Table 2.

Table 2. The determination of the concentratlion
(in %) of antioxidants Iin crude vulcznized rubber
mixtures and vulcanizates.

) . i il Plavdy o oo
ey anticxidant Intrza
mLxthitm duced ! " ! L
1 lUeozone 1 0,6 0,64 0,64 1,5 1.2
#01%A 0.6 0,60 0,4 8.0 °] K0
p=hydroxyneczon? 0,65 0, 0,47 18,0 %0
2 fieszoneAl 1,28 1, ] 1,9 2.4 6.0
LOL0NA 1,28 1,10 1,10 13,0 14,0
Penydroxyneozone 0,865 0,4 0,47 2,0 %NV
3 e uel 1,0 | 1,37 | 128 6,3 1.5
1 40200A 0,6% o6 0.5% t XU 0
p-l.ydroxyneczons 0,63 0,3 0,44 1.0 %,0

Remark 1. The relative error in the analysis of
the crude vulcanized rubber mixtures (I) and of

the vulcanizates (1I) in certaln cace:s reaches more
than 20%, which can be excvlained by the Incomplete
desorption of the antloxidant.: Tram the vuleanized
rubbrers made with carbon black.

FTD-"1'=?3~1052-72 L
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Table 2. (Cont'd).
2. The content (in g) of thé analyzed mixtureés
Nos. 1, 2 and 3, respéctively:

“atural rubber......... 100 100 100

Stearin......... 2

LR ) -

Néozone A.......
BCIONA oo veenn
p=iydroxyneozoné.....
Zinc oxlde.eeeecvens
Lamp blacKesiee.veone
SULFUP . et ennennnnns

s 8 500 00

4600 s s

oo

w O v o = T
w O WU = N0
W O I = = Moo

Aluminum oxide was also used as an adsorbent for the chromato-
graphy (TY 2962-54); the thickness of the

unattached layer on the
plate was 1 mm. Benzéné was used for the

separation of the mixture.

The érror of the analysis was thé same as in the previous experiments.
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